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原　著
Benzbromarone（Urinorm®）の代謝・毒性および薬理作用に関する研究
国嶋 千代子 1)，井上 郁夫 2)，及川 寿浩 1)，片山 茂裕 2)
The Metabolism, Toxicity and Pharmacological Studies of Benzbromarone (Urinorm®)
Chiyoko Kunishimaa, Ikuo Inoueb, Toshihiro Oikawaa, Shigehiro Katayamab (aPharmacovigilance Department of 
Torii Pharmaceutical Co., Ltd, 3-4-1, Nihonbashihoncho, Chuo-ku, Tokyo 103 -8439, Japan and bFourth Department 
of Internal Medicine, Medical School, Moroyama, Iruma-gun, Saitama 350 -0495, Japan)
　Sporadic reports of mild hepatic dysfunction as an adverse reaction of Benzbromarone have appeared in recent 
years, and in some cases, fulminant hepatitis has developed.  We first investigated metabolites of Benzbromarone, 
using LC/MS, and identified the metabolites of Benzbromarone in vitro. Results showed that human liver S9 
metabolites of Benzbromarone consist of two hydroxy bodies, two monohydroxy  bodies and five 1’-ketone bodies; 
previous reports (except that debromination products were not detected) suggest that Benzarone (possibly related 
to hepatotoxicity) is not formed in humans. We also identified CYP molecular species related to the metabolism 
of Benzbromarone, by use of a human P450 -expressing microsome system.  We found that Benzbromarone 
is metabolized by CYP2C9*1 and 2C9*2, and the main metabolite is 6-hydroxylbenzbromarone. A study of the 
inhibitory action of Benzbromarone on human P450 molecular species showed that Benzbromarone has especially 
potent inhibitory action on CYP2C8/9. Therefore, it was clear that Benzbromarone is metabolized by CYP2C9 and 
inhibits CYP2C8 and CYP2C9.  Deaths caused by fulminant hepatitis in patients given the antidiabetic troglitazone 
(Noscal), a peroxisome proliferator-activated receptor (PPAR)-γ agonist, have recently been reported.  It has also 
been reported that the mechanism of onset is by the induction of hepatocellular apoptosis by excessive increase 
of PPAR-γ activity. Because Benzbromarone has long been considered to be a peroxisome proliferating agent, 
we studied the action of Benzbromarone on PPAR-α and PPAR-γ. The results indicated that Benzbromarone is a 
ligand of PPAR-α. Our results suggest that the hepatic dysfunction associated with Benzbromarone is not caused 
by apoptosis.
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で我々はまず，Benzbromaroneの代謝産物を Liquid 
chromatography mass spectrometry （LC/MS）によっ
て調べ，Benzbromaroneの代謝産物について解明
することとした．一方で，最近，糖尿病治療薬であ


































うに PPARαおよび PPARγ が関与するかについて
考察する．
実験材料
　Benzbromarone の in vitro 代謝試験では個別 10
例を合わせて調整したヒト P450 発現系ミクロ
ゾーム（GENTEST社）およびヒト肝ミクロゾー

























293T 細胞，抗 PPARα，PPARγ抗体（Santa Cruz），
抗ウサギ蛍光標識抗体（The Binding Site）を使用した．






（w/w）に混合し，ヒト肝S 9（GENTEST） 1  mg 
protein/mL を用いて，0.1 Mリン酸緩衝液（pH 7.4），
NADPH 生成系補酵素（13 mM β-NADP＋，33 mM 









　HPLC条件：（分析カラム：Capcell pak C18 UCI20  













β-NADP＋，33 mM glucose -6 -phosphate，10 U/mL 
glucose-6 -phosphate dehydrogenase，33 mM MgCl2）
存在下にて，37℃でインキュベートした．所定時間
インキュベート後，1 Mクエン酸溶液を用いて反応













β-NADP＋，33 mM glucose -6 -phosphate，10 U/mL 























Fig. 1. Chemical structure of 14C-benzbromarone and its related compounds.
Fig. 2. The cells were transfected with receptor plasmid for 
the chimera of PPARγ or PPARα ligand binding domain 
and the GAL4 DNA-binding domain, together with a receptor 
plasmid containing a GAL4 responsive promoter driving the 
expression of luciferase. After 6 hr, the cells were given the 
test compounds and were cultured for an additional 2 days. 
After the cells were lysed, luciferase activity was determined.
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2－2．タンパク発現レベルに対する検討
　293T 細胞の培地に Benzbromarone（最終濃度 0，
10 µM）を添加し 24時間培養した．細胞を溶解液（10 
mM sodium phosphate, 150 mM NaCl, 0.5％ sodium 
deoxycholate, 0.1％ SDS, 100 µg/mL PMSF, 30 µg/mL 













約 2 3分 にB r o m o b e n z a r o n e， お よ び 約 3 0分
















Fig. 3－1.  HPLC profile of synthetic metabolites.





　14C-Benzbromarone（最 終 濃 度 5 µM）を ヒ ト
P450 発現系ミクロゾーム（CYP1A2, 2C9*1, 2C9*2, 
2C19, 2D6*1, 2E1, 3A4, 4A11）中で 60分インキュベー
トし，Benzbromarone の代謝に関与する P450 分
子種の推定を行った．その結果，CYP1A2, 2C9*1, 
2C9*2, 2C19, 2D6*1, 2E1, 3A4および 4A11の各分子
種での 14C-Benzbromaroneの割合はそれぞれ 85.0, 
16.0, 72.1, 84.3, 84.8, 83.9, 85.7および 81.4％であり，
CYP2C9*1および 2C9*2による代謝が認められた．ま




















Fig. 4. APCI(－) LC/MS chromatograms of incubation mixture of 14C-benzbromarone with human liver S9. A: Benzarone, B: 
Bromobenzarone, C: Benzbromarone, D: 1’-Ketobenzbromarone, E: 1’-Hydroxybenzbromarone and 6 -Hydroxybenzbromarone, 
F: Dihydroxybenzbromarone.
Fig .  5 .  C o m p o s i t i o n  o f  B e n z b r o m a r o n e  a n d  i t s  
metabolites in incubation mixture of 14C-Benzbromarone 
with cDNA-expressed human P450 enzymes prepared 


















































Fig. 6. Inhibition of each P450 model substrate metabolism 
in human liver microsomes treated with Benzbromarone and 
each positive control. Concentration of positive control:α
-Naphthoflavone(1 µM), CYP2C8/9: Sulfaphenazole(3 µM), 
CYP2C.







































































　 最 近，CYP分子種のCYP2C群 の 一 つ で あ る
CYP2C19の上流のプロモーターに，PPARが結合する













Fig. 8. The expression levels of (A) PPARα protein and 
(B) PPARγ protein by Western blot analysis in nuclear 
extracts of human kidney 293T cells treated with or without 
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